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APPARATUS FOR ISOLATING A NUCLEIC 
ACID FROM A SAMPLE 

RELATED APPLICATION 

This application is a Continuation of US. Utility applica 
tion Ser. No. 10/616,904, ?led Jul. 10, 2003, noW abandoned, 
Which claims the bene?t of US. Provisional Application No. 
60/395,109, ?led Jul. 10, 2002. The entire teachings of the 
above applications are incorporated herein by reference. 

GOVERNMENT SUPPORT 

The invention Was supported, in Whole or in part, by Lin 
coln Contract Number F19628-95-C-0002 from Defense 
Directorate of Research and Engineering. The Government 
has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

Nucleic acids generally are analyZed by polymerase-chain 
reaction (PCR) procedures. The presence of PCR inhibitors, 
such as often encountered in samples collected for medical 
diagnosis, during forensic investigations or in defense-related 
applications, hinders PCR-ampli?cation. 

It is di?icult, for example, to extract ampli?able DNA from 
soil or slurry raW samples, in particular, from samples that 
include clays or other soils that have high organic content. 

Conventional techniques for extracting ampli?able nucleic 
acids from samples generally are complicated, labor-inten 
sive, and require laboratory facilities and equipment. Many 
existing protocols also require toxic reagents, such as phenol 
and chloroform. 
One material developed for DNA isolation, in particular in 

conjunction With handling blood samples, is a chemically 
treated cotton matrix available from Schleicher and Schuell, 
Inc., of Keene, NH, under the tradename of lsoCode®. 
lsoCode® based protocols adapted to handle raW samples, 
such as described above, still require laboratory equipment, 
external reagents and entail numerous steps (including tWo 
oven drying cycles). Moreover, as With other approaches, the 
samples are susceptible to sample contamination. 

Therefore, a need exists for a method for preparing a 
nucleic acid component of a sample for ampli?cation that is 
faster, less complicated and less labor-intensive than existing 
protocols. A need also, exists for an apparatus for conducting 
such a method. In particular, there exists a need for a portable, 
self-contained device, suitable for ?eld use, that can be 
employed for preparing a nucleic acid component of a sample 
for ampli?cation and can be used for analyZing, storing or 
archiving the resulting nucleic acid component. 

SUMMARY OF THE INVENTION 

The invention generally is related to a method and appara 
tus for preparing a nucleic acid component of a sample for 
ampli?cation. 

The method includes the steps of separating the sample 
from raW sample components through means that includes a 
magnetic substrate, contacting the sample With a porous sup 
port that deactivates a nucleic acid ampli?cation inhibitor 
component of the sample and directing a ?uid through the 
porous support, Whereby the nucleic acid component of the 
sample is directed through at least a portion of the porous 
support and is separated from the porous support, thereby 
preparing the nucleic acid component for ampli?cation. 
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2 
The apparatus for preparing a nucleic acid component of a 

sample for ampli?cation includes a porous support including 
an agent that deactivates a nucleic acid ampli?cation inhibitor 
component of a sample contacting the porous support; a hous 
ing having an opening and de?ning an interior, said interior 
being in ?uid communication With the porous support, 
Whereby at least a portion of a ?uid directed through the 
opening is directed through at least a portion of the porous 
support and separates at least a portion of a nucleic acid 
component of a sample contacting the porous support from 
the support, thereby preparing the nucleic acid component for 
ampli?cation; and separating means for separating the 
sample from raW sample components and for depositing the 
nucleic acid component at the porous support Which said 
means includes a magnetic substrate. 

In preferred embodiments, the porous support includes an 
agent such as a chaotropic salt. Surface treatment of the 
magnetic substrate can result in preferential attachment of a 
sample that includes a nucleic acid component to be prepared 
for ampli?cation thereby separating the sample from raW 
components, such as, for example, soil particles. 
The invention has numerous advantages. For example, the 

invention can be used With raW samples, as collected in the 

?eld, and can process solids, semi-solids, slurries, sWipes, 
liquids or aerosols. By employing the invention, a nucleic 
acid component in a raW sample can be prepared for ampli 
?cation in a reduced number of steps that can be completed in 
minutes. Forced ?oW-through of the elution ?uid is faster than 
diffusive movement through a porous substrate that deacti 
vates a nucleic acid ampli?cation inhibitor and obviates or 
minimiZes the need for heat. Addition of external reagents 
also is reduced or entirely eliminated, lessening the potential 
for sample contamination. Furthermore, the method of the 
invention can be conducted using Water (or Water and buffer 
compounds) as the only reagent. By employing the apparatus 
of the invention, samples can be collected and prepared in the 
?eld, With minimum transport considerations and the collec 
tion and preparation steps can be conducted using heavy 
gloves and protective gear. The samples prepared can be 
archived and/or can be ampli?ed using standard equipment, 
as knoWn in the arts. The apparatus of the invention is light 
Weight, compact, can be subjected to decontamination of its 
outer surfaces and can be manufactured economically. Parts 
of the apparatus are disposable. Furthermore, the apparatus 
provides versatility to sample collection and alloWs the 
removal of raW sample components as Well as handling of 
samples that can be collected and processed Without separat 
ing the sample from raW sample components through means 
that include a magnetic substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention Will be apparent from the folloWing more 
particular description of preferred embodiments of the inven 
tion, as illustrated in the accompanying draWings in Which 
like reference characters refer to the same parts throughout 
the different vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the invention. All parts and percentages are by Weight 
unless otherWise indicated. 

FIG. 1A is a longitudinal cross sectional vieW of an 
embodiment of an assembly that can be employed in one 
embodiment of the apparatus of the invention and to conduct 
the method of the invention. 
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FIG. 1B is an exploded perspective vieW of a housing, cap, 
porous support and other elements that can be employed in 
one embodiment of the apparatus of the invention. 

FIGS. 2A and 2B are side vieWs, respectively of a cap and 
housing that can be employed in one embodiment of the 
apparatus of the invention. 

FIG. 3 is horizontal cross sectional vieW of an apparatus 
that can be employed to prepare a nucleic acid component in 
a sample for ampli?cation. 

FIG. 4 is a top vieW of the apparatus of the invention in FIG. 
3. 

FIG. 5 is a cross sectional vieW along cutaWay line AA1 in 
FIG. 3. 

FIG. 6 is horizontal cross sectional vieW of an apparatus 
that can be employed to process a sample. 

FIG. 7 is a top vieW of an embodiment of the apparatus in 
FIG. 6. 

FIG. 8 is a cross-sectional vieW along cutaWay line BB1 in 
FIG. 6. 

FIGS. 9, 10 and 11 are illustrations of an embodiment of an 
apparatus of the invention and its operation. 

FIG. 12 is an exploded side vieW of another embodiment of 
the apparatus of the invention. 

FIG. 13A is a longitudinal cross-sectional vieW of the 
apparatus shoWn in FIG. 12. 

FIGS. 13B and 13C are enlarged cross-sectional vieWs of 
portions of the apparatus shoWn in FIGS. 12 and 13A. 

FIG. 14 presents a series of plots shoWing relative signal 
?uorescence level vs. ampli?cation cycle number from air 
samples contacting a porous support according to the inven 
tion. 

FIG. 15 presents a series of plots shoWing relative signal 
?uorescence level vs. ampli?cation cycle number from vari 
ous samples prepared by embodiments of the method and 
apparatus of the invention and by a comparative technique. 

FIG. 16 is a cross-sectional vieW of an electroelution 
device for applying electric current to enhance removal of a 
nucleic acid from the porous support. 

FIGS. 17 and 18, respectively, are cross-sectional and top 
vieWs of an electrode employed in the device shoWn in FIG. 
16. 

FIGS. 19-23 are top vieWs of individual plates employed in 
the device shoWn in FIG. 16. 

FIG. 24 is a series of plots shoWing detection improve 
ments in analyZing samples prepared in a device such as 
described in FIGS. 19-23. 

DETAILED DESCRIPTION OF THE INVENTION 

A description of preferred embodiments of the invention 
folloWs. 

The invention generally is related to a method and appara 
tus for preparing a nucleic acid component in a sample for 
ampli?cation. 

The method includes the steps of contacting a sample that 
includes a nucleic acid component With a porous support that 
deactivates a nucleic acid ampli?cation inhibitor component 
of the sample and directing a ?uid through the porous support, 
Whereby the nucleic acid component of the sample is directed 
through at least a portion of the porous support and is sepa 
rated from the porous support, thereby preparing the nucleic 
acid component for ampli?cation. The sample is separated 
from raW sample components through means that include a 
magnetic substrate, e.g., magnetic beads. 

The sample includes a nucleic acid component and a 
nucleic acid ampli?cation inhibitor component. As used 
herein, the term nucleic acid includes poly or oligo nucle 
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4 
otides. Examples of nucleic acids include, but are not limited 
to, DNA, RNA, fragments thereof, isotopically tagged 
nucleic acids or any combinations thereof. 
The nucleic acid ampli?cation inhibitor can be a PCR 

inhibitor or a compound or material that is capable of dam 
aging nucleic acids. Examples include, but are not limited to, 
hemoglobin, humic acid, fulvic acid, divalent cations, chelat 
ing molecules, enZymes, proteins and others. One or more 
nucleic acid ampli?cation inhibitors can be present in the 
sample. 
The sample is contacted With a porous support. For 

example, liquid samples are brought to Wet the porous sup 
port by dispensing the sample onto the porous support or by 
immersing the porous support in the sample. 

Solid samples can be contacted With the porous support by 
Wiping the solid support over the solid sample, or over a solid 
surface containing the sample thereby smearing or accumu 
lating sample present on a solid surface onto the porous 
support. Optionally the porous support can be ?rst Wetted 
With a liquid, e. g., Water, and then used to Wipe over the solid 
sample or over a solid surface containing the sample. Slurries 
can be brought into contact With the porous support by 
immersion or Wiping. 
Gas samples, e. g., air, that contain bacteria, spores, viruses 

or other nucleic acid components, as Well as aerosols, also can 
be contacted With the porous support. For instance, a gas 
sample can be brought into contact With the porous support by 
means such as a bloWer, or by using vacuum suction to draW 
the gas sample toWards and onto the porous support. The 
porous support can be Wetted prior to being brought into 
contact With a gas sample. 

Generally, nucleic acids that contact the porous support are 
not irreversibly bound to it. For example, nucleic acids can be 
stabiliZed by contact With the porous support and released 
from the porous support during elution. 

Nucleic acid ampli?cation inhibitors, e.g., a polymerase 
chain reaction (PCR), inhibitors, that contact the porous sup 
port are deactivated. In one embodiment of the invention, the 
porous support also retains solid contaminants. Preferably, 
the porous support also is capable of lysing or killing cells, 
spores, bacteria and other microorganisms, of inactivating 
RNases or DNases, or of lysing cells or spores to release 
nucleic acid. The porous support also can bind one or more 
chemical compound, e. g., salts, used in preparing the nucleic 
acid component for ampli?cation. 

Generally, the porous support is Water permeable. The 
porous support can be rigid or ?exible and can be in the form 
of a pad, mat, disk, plug, thin layer, or can be in another 
suitable form. The porous support can be fabricated from silk, 
paper, cotton cloth, or other Woven or non-Woven materials, 
such as, for instance, natural or synthetic polymers, e.g., 
polyesters, polypropylene and others. 

Generally, the porous support includes one or more agents 
that deactivate(s) a nucleic acid ampli?cation inhibitor, e. g., a 
PCR inhibitor. The agent can change the secondary, tertiary or 
quaternary structure of biomolecule. The agent can induce 
precipitation, irreversible binding to the porous support or 
can denature nucleic acid ampli?cation inhibitors. Deacti 
vated components of the inhibitor are retained by the porous 
support or are soluble fragments that do not interfere With 
nucleic acid ampli?cation procedures. 
The agent also can disrupt cell membranes and cellular 

proteins to alloW access to nucleic acid material present on or 
in the target cells. 

To form the porous support, the agent can be impregnated 
into a suitable substrate or it can be otherWise incorporated or 
held by it. Substrates that are coated or chemically treated 




















